graphic pattern associated with central nervous system (CNS) lesions, particularly subarachnoid hemorrhage, has been described. [1] [2] [3] The combination of prolonged Q-T interval and large upright or deeply inverted T waves was originally described in association with cerebrovascular accidents and has come to be recognized as the typical CNS electrocardiogram. It has since become apparent that a wide variety of CNS lesions including trauma, infection, and tumor may be associated with such ECG abnormalities. 4 5 In addition, patients with CNS lesions frequently show less striking S-T or T abnormalities which are not recognized as specffic for CNS lesions and cannot be distinguished from nonspecific abnormalities due to ischemic heart disease, electrolyte abnormalities, drugs, and so forth.4-6 The number of reports of ECG abnormalities with CNS lesions has grown rapidly and an extensive bibliography is included in a recent review by Russell.7 
Ventricular repolarization
The early observations of abnormal ECGs associated with CNS lesions were accompanied by speculations that altered hemodynamic state or electrolyte disorders might be responsible for the ECG findings." 8 Although hypokalemia has been implicated in some cases,5 consistent evidence for electrolyte abnormalities is lacking.9' 10 Although it is common knowledge that hypotension may occur with insult to the brain, many reports of abnormal ECGs associated with brain lesions have failed to present evidence for accompanying hypotension. Autopsies have frequently failed to show cardiac lesions. Further evidence against cardiac damage or ischemia as a cause of the abnormal ECGs is their occurrence in young persons in whom there is no reasonable suspicion of heart disease. In laboratory animals it is possible to alter ventricular recovery time and the body surface ECG by selective stimulation or ablation of the sympathetic nerves to the heart. It seems likely that alterations of sympathetic tone with direct influence on ventricular repolarization are responsible in the same way for the ECG abnormalities in patients with CNS lesions.
This study was undertaken to collect additional data on ECG changes occurring with Circulation, Volume XXXVII, April 1968 CNS lesions, with particular attention to abnormalities commonly described as nonspecific. Young people were selected to avoid confusion with abnormalities due to atherosclerotic heart disease.
Many of the patients showed abnormalities on some occasions and had some ECGs which were normal. A large number of the tracings were found to have notching of the T waves as well as S-T segment depressions and low or inverted T waves. The significance of the peculiar T-wave pattem and the mechanism by which disorders of the CNS may alter ventricular repolarization will be discussed.
Methods
Electrocardiograms were obtained on 50 patients whose ages ranged from 6 months to 45 years, with a mean age of 27 years. There were 30 males and 20 females. Some cases were selected from the files of the ECG station and some were selected on admission of the patient to the hospital for a variety of abnormalities of the CNS, as seen in table 1. From one to nine ECGs were taken on each patient. Tracings were reviewed by two trained electrocardiographers. Patients were excluded for electrolyte abnormalities or if chest trauma was suspected. With one exception, all those with evidence of underlying heart disease by history, physical examination, or chest roentgenogram were excluded. One child with previous surgery for a small patent ductus arteriosus was included, since there was no evidence of cardiac enlargement and one of her ECGs was normal. Patients were excluded if one of the ECG interpreters considered a series normal or without significant change. No attempt was made to assess the incidence of abnormal tracings for consecutive admissions with CNS lesions, and only those with abnormalities on at least one tracing or with serial changes were included. Normal and abnormal ECGs on young people without CNS disease were selected from the files of the ECG Department to serve as controls. Results
Forty-one patients had abnormalities on at least one of their electrocardiograms. These patients had a total of 118 electrocardiograms, of which 89 were abnormal. The electrocardiograms of the other nine patients were within normal limits but underwent serial changes. The kinds of abnormalities noted are summarized in table 2. There was no apparent correlation between a particular ECG abnormality and the diagnostic category of the patient as listed in table 1. Low T waves were the most common abnormality. T-wave inversions were less commonly seen. Patients with cerebrovascular accidents accounted for only three of the 22
ECGs with inverted T waves although they were responsible for 21 of the 89 abnormal ECGs. S-T segment depressions were frequently present and were not distingulishable from the S-T segment depressions seen in patients with ischemic heart disease. Some of the electrocardiograms showed a prolonged QT, or large U waves. These findings are similar to other reports of ECG abnormalities associated with central nervous system disease. Representative records are shown in figure 1 , and the corresponding patients are briefly described below. Examples of some of the abnormal ECGs included in this study. (A) One of the ECGs taken on a 9-year-old girl (case 1) with a craniopharyngioma. Marked ST-T abnormalities were present on this and two other ECGs. (B) The admission ECG of the boy with acute brain injury (case 2). Several tracings showed low or inverted T ivaves as shown in B. (C) A tracing on the same boy (case 2) taken after discharge from the hospital. The tracing is close to normal, but the T waves in lead I are still borderline in amplitude.
Case 1
D.S. was a 9-year-old girl with a history of previous surgery and cobalt irradiation for a craniopharyngioma. She had optic atrophy and generalized weakness. Extensive endocrine studies indicated that pituitary function and reserve were adequate. Chest examination and x-rays were normal. Her laboratory data included: serum Na+ 141 mEq/L, K+ 4.0 mEq/L, Cl-104 mEq/L, CO2 content 21 mEq/L, blood urea nitrogen 6 mEq/L, calcium 10.0 mg%, and by the Astrup technique a capillary pH of 7.37, pCO2 44 mm Hg, and total CO2 25.8 mEq/L. Three electrocardiograms were taken and all showed S-T segment depression and abnormal T waves ( fig. IA) . Case 2 J.W., a 16-year-old boy, was admitted with dulled sensorium secondary to a basilar skull fracture and cerebral concussion. Physical examination, chest x-rays and subsequent course gave no evidence of chest injury. Serum Na+, K +, C1-, and CO2 were normal. Electrocardiograms ( fig. 1B ) showed low T waves or inverted T waves on several occasions. On discharge from the hospital, his ECG was still abnormal and his physician reported that his affect was dull. He subsequently returned to the hospital with rhinorrhea of clear spinal fluid and underwent repair of a dural tear. His electrocardiographic abnormalities gradually became less marked, but the last tracing, taken 3 months after the original injury ( fig. IC) , still showed T waves of borderline amplitude in lead I.
In addition to the abnormalities listed in table 2, notched T waves were also noted in many of the tracings. Some examples are shown in figure 2 . The notching was distinguished from the later deflection which marks the onset of the U wave.
The tracings were examined for the incidence of notched T waves. As a control, 121 abnormal ECGs were selected from the files of the ECG Department from a group of patients with a variety of diseases, including cardiovascular diseases. Their average age was 29 years. A second group of 189 normal ECGs of young persons were similarly selected and examined for the incidence of notching. The incidence of notched T waves in the ECGs of patients with CNS lesions was compared to that in the abnormal and normal control groups. Results are shown in table 3. The incidence of notched T waves was higher in the CNS patient group regardless of whether the tracing was abnormal or not.
Discussion
Direct influence of the autonomic innervation to the heart in control of rate and experimental production of arrhythmias has been known for many years. A wide variety of arrhythmias associated with electrical stimulation of the brain in experimental animals has been reported and is reviewed elsewhere.11 Also, the influences of the major cardiac drugs in producing or terminating arrhythmias are mediated partly through their actions on the autonomic nervous system. With this background, when arrhythmias occur with CNS lesions or intracranial surgery, it seems reasonable to attribute them to neural influences on the heart.
That the abnormalities of wave form in the ECGs of persons with CNS lesions may be related directly to neural tone without initial change in hemodynamic state or coronary flow has been less generally accepted. One reason for this may be the similarity of the ECG appearance to that due to coronary artery disease.
A number of reports indicate that direct CNS stimulation or lesions in laboratory animals can alter repolarization of the ventricles sufficiently to change the S-T segments and T waves. [11] [12] [13] [14] In one of these Porter and associates'2 produced S-T and T abnormalities by stimulation of the amygdala and ventral Another interesting finding in that report was the lateralization of the sympathetics in their effect on recovery time of the ventricles. Right cervical sympathetic nerves primarily influenced refractory periods on the anterior surface of the heart, and left sympathetic nerves affected primarily the posterior surface. Left and right cervical sympathetic stimulation affected the body surface ECG in different ways. Also, their influences on the ECG were somewhat mutually antagonistic. Changes in form of the ST-T in a body surface lead due to cutting one of the stellates were frequently reversed toward the base-line form by cutting the stellate on the other side. Also, the change in the body surface ECG caused by stimulating one of the stellates was similar to the effect of cutting the opposite stellate.
This study of functional lateralization in dogs correlates with human embryological studies by Navaratnam'5 who demonstrated that the nerve fibers which reach the ventricular myocardium via the aorticopulmonary spur remain lateralized for the most part. Although several other anatomic and functional studies indicate that the sympathetic innervation of the ventricles remains lateralized, the details of the distribution and the degree of mixing or lateralization have not been settled.l6 ' 17 The frequent occurrence of T-wave notching presented in this paper is of particular interest. It is possible that in this group of patients the notching could be related in a specific way to alterations in sympathetic tone. In a general sense any change in the ST-T is related to a change in the form of some or all of the ventricular action potentials, assuming activation sequence and the conducting medium remain constant. The lateralization of the sympathetic innervation to two groups of ventricular myocardial cells produces two populations of cells, anatomically separated, whose repolarization can be influenced independently. The possibility that notching of T waves could be produced by divergence of repolarization time of two populations of ventricular cells is an interesting speculation.
In 1959 Evans18 described a similar T-wave form he termed "cloven" in a group of alcoholics with abnormal ECGs, only some of whom had other objective evidence of heart disease. Temporarily notched T waves during alcohol withdrawal have since been reported by Priest and associates,19 who also attributed them to the direct toxic effects of alcohol on the myocardium. Although it is possible that the notching of T waves in alcoholics and in the patients with CNS lesions may arise by different mechanisms, it is possible that they are of similar origin in both groups. The case histories described in Evans' cases included palpitations, breathlessness, sweating, and other symptoms which could be related to intense sympathetic discharge associated with alcohol withdrawal.
Bifid T waves were found by Fleisch20 in normals and in patients with heart disease, but the incidence was higher in young people considered to have pronounced autonomic imbalance. In that study the notching often became less or disappeared after exercise.
Whether such notching should be considered an abnormality is somewhat a problem of semantics. Certainly it should not be taken as evidence for heart disease. Since it occurs in a small percentage of normals, it should not be considered of any clinical significance in itself. In the group of patients presented herein, it seems likely that notching is in some way related to alteration in ventricular repolarization associated with changes in autonomic tone.
Maelstrom of Medical Practice and Teaching
Dissatisfaction with scientific medicine as presently conceived extends beyond the uneducated public. It reaches into the most sophisticated classes of society and indeed into many strata of the medical profession. The complaint that the doctor treats the disease but is not interested in the patient or that medicine loses contact with the human condition when it becomes "too" scientific is voiced almost as loudly and frequently by physicians as it is by the general public. The uneasy feeling of the medical profession in this regard expresses itself in many forms, for example: the assertion that the science of medicine must be complemented by the "art" of medicine; the plea for more emphasis on "the whole man" in clinical teaching; the wide-spread practice of urging prospective medical students to cultivate the "humanities" rather than purely scientific disciplines during their college years. I shall discuss together these various symptoms of uneasiness because they all have the same origin and the same implications. In particular, I shall emphasize that the solution to the difficulty is not to make medicine less scientific but rather to broaden its scientific basis.
Interestingly enough, emphasis on the "whole man" in medical schools became fashionable at the same time that schools of technology began to find it advisable to introduce humanistic disciplines on their campuses. Engineering and architecture, just like medicine, present of course technical problems which are interesting per se and which can be studied for their own sake. But 
